Introduction

116
The availability of wild fishery-derived raw materials is finite and the rapid and Atlantic salmon (Bell et al., 2004; Pratoomyot et al., 2010; Torstensen et al., 2008) , 123 rainbow trout (Kaushik et al., 1995; Thanuthong et al., 2011) , Atlantic cod (Jobling et 124 al., 2008; Karalazos et al., 2007) , turbot (Regost et al., 1999; 2003) , European sea bass 125 (Kaushik et al., 2004; Mourente and Bell, 2006) and gilthead sea bream (Benedito-Palos 126 et al., 2007; 2009; Gómez-Requeni et al., 2004; Izquierdo et al., 2005) . However, the 127 long-term metabolic consequences of feeding very low FM and FO diets (with less than 128 10% inclusion levels of raw marine ingredients) on metabolic programming at different 129 developmental stages and on different fish species are still under debate.
130
The nutritional and quality characteristics of edible fish matter are important 131 aspects to consider (Nasopoulou and Zabetakis, 2012; Turchini et al., 2009 ). Certainly,
132
high levels of n-3 LC-PUFA are important quality factors in human foods, and farmers 133 are facing increasing pressures to include high levels of EPA (20:5n-3) and DHA
134
(22:6n-3) in the finishing diets of salmonids and freshwater fish, which do not have 135 specific requirements for n-3 LC-PUFA (Bell et al. 2004; Thanuthong et al. 2011 ). This 136 is more evident in marine fish due to their limited capacity to elongate and desaturate 137 C18 FAs into long chain C20 and C22 PUFAs. However, importantly, this metabolic 138 constraint facilitates the multi-species predictive modelling of fillet FA composition 139 year-round using a dummy regression approach with gilthead sea bream as the reference 140 subgroup category (Ballester-Lozano et al., 2014a; 2014b) . This tool is public 141 accessible through an easy-to-use-web interface (www.nutrigroup-iats.org/aquafat) to 142 guarantee a relatively high content of n-3 LC-PUFAs in marine fish meat, ensuring that 143 the human health benefits of consuming farmed fish are retained (Larsen et al., 2011; 144 Lund, 2013).
145
Early growth studies have also proven that FO can be totally replaced by a blend and mitochondria (Bermejo-Nogales et al., 2014b; 2015) . Likewise, a set of growth rate Four isoproteic and isolipidic plant protein-based diets (1.9, 3, 4.5 mm extruded 189 feeds), containing a blend of soya protein, corn gluten, wheat gluten, rapeseed cake, and 190 wheat, were formulated and delivered by BioMar (Denmark). FM was included at 23% 191 in the D1 (control) diet and at 3% in the other three experimental diets (D2, D3 and D4).
192
Fish hydrolysate (CPSP) was added at 2% in all diets. Added oil was either FO (D1 193 diet) or a blend of VOs (1:1 ratio of rapeseed oil: palm oil) replacing 58% (D2 diet) and (Hercules, California, USA) with bovine serum albumin as standard.
259
Changes in plasma enzyme activities of ALAT (EC 2.6.1.2), ASAT (EC 2.6.1.1)
260
and GLDH (EC 1.4.1.2) were measured using colorimetric assay kits (EALT-100,
261
EASTR-100, DGLDH-100; BioAssays Systems). Plasma ALP (EC. 3.1.3.1) activity 262 was determined by a fluorimetric assay kit (QFAP-100, BioAssays Systems).
263
Plasma levels of creatinine (DICT-500), choline (ECHO-100), calcium (DICA-264 500), chloride (DICL-250), magnesium (DMG-250) and phosphate (DIPI-500) were 265 measured by colorimetric assay kits (BioAssays Systems). Total antioxidant capacity 266 was measured as Trolox activity using a microplate assay kit (709001) (Cayman 267 Chemical, Ann Arbor, Michigan, USA). Plasma lysozyme activity was measured by a 268 turbidimetric assay adapted to microplates (Sitjà-Bobadilla et al., 2005) . Induction of 269 the RB activity in blood leukocytes was measured directly from heparinised blood, 270 following the method described by Nikoskelainen et al. (2005) with some modifications 271 (Saera-Vila et al., 2009a) .
272
Plasma GH was determined by a homologous gilthead sea bream RIA as 273 reported elsewhere (Martínez-Barberá et al., 1995 Realplex real-time PCR system (Eppendorf, Wesseling-Berzdorf, Germany), using a 295 96-well PCR array layout designed for the simultaneously profiling of a panel of 87 296 growth rate regulated genes (Table S1 ), selected as markers of: i) GH/IGF system: 297 GHR-I, GHR-II, IGF-I, IGF-II, IGFBP1, IGFBP2, IGFBP4, IGFBP7, IGFALS, All fish in the trial grew efficiently from an initial body weight of 15 g to 296-346 320 g (Figure 1 ) with overall FE of 0.95-1.01 and SGR of 1.37-1.42% ( Figure 2A .
399
In the skeletal muscle, 83 out of 87 genes present in the array were actively 400 transcribed (Table S5 , but only 9 genes were differentially expressed in at least one The trend for PPARα and PPARγ was a progressive down-regulated expression with the 410 FM/FO replacement, which was exacerbated with butyrate supplementation, since 411 significant differences were only found between D1 and D4 groups. FM/FO diets (less than 10% marine ingredients) on intensive marine fish farming.
438
The GH/IGF system is one of the most important endocrine determinants of fish fed the D4 diet. There is no literature directly related to this, but it is interesting to 486 note that butyrate is able to regulate lipoprotein metabolism, which is closely related to 487 cholesterol metabolism (Marcil et al., 2002; Nazih et al., 2001 ).
488
From our results, we can conclude that low FM inclusion levels in diets D2 and
489
D3 were related to a statistically significant reduction in circulating Hb concentration, , 2005; Wu et al., 2011; 2013; 2014) . All diets were balanced in choline content 511 but, interestingly, the highest plasma concentration in the summer sampling point was 512 achieved with dietary butyrate supplementation while no differences were shown 513 between the control diet (D1) and D2 or D3 as well as between all treatments in winter.
Davis
514
Whether the increase in the summer is indicative of a better metabolic condition as a 515 result of changes in endogenous choline synthesis, nutrient absorption, or consumption 516 rates remains unclear from a functional and mechanistic point of view.
517
At the molecular level, it is worth noting that the expression of mitochondrial 518 and cytoplasmic chaperones (mtHsp10, mtHsp60, mtHsp70, Hsp90β) were down-519 regulated in the liver tissue of D2, D3, and D4 fish groups. It is possible that these 520 changes might elicit an improved protein-folding capacity in control fish, which might Ballester-Lozano, G.F., Benedito-Palos, L., Riaza, A., Navarro, J.C., Rosel, J., Pérez- Benedito-Palos, L., Saera-Vila, A., Calduch-Giner, J.A., Kaushik, S., Pérez-Sánchez, J., Benedito-Palos, L., Navarro, J.C., Sitjà-Bobadilla, A., Bell, J.G., Kaushik, S., Pérez- Benedito-Palos, L., Navarro, J.C., Bermejo-Nogales, A., Saera-Vila, A., Kaushik, S., Karalazos, V., Treasurer, J., Cutts, C.J., Alderson, R., Galloway, T.F., Albrektsen, S., Messina, M., Piccolo, G., Tulli, F., Messina, C.M., Cardinaletti, G., Tibaldi, E., 2013. 
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Sitjà-Bobadilla, A., Peña-Llopis, S., Gómez-Requeni, P., Médale, F., Kaushik, S., Table 3 . Organosomatic indexes and whole body composition of juvenile gilthead sea bream sampled in August (week 13) and December (week 31).
Biometric data are the mean  SEM of 12 fish (4 per each dietary triplicate). Data on whole body composition are the mean of 4 pooled fish per each dietary triplicate.
1 Viscerosomatix index = (100 x viscera weight)/fish weight 2 Mesenteric index = (100 x mesenteric fat weight)/fish weight 3 Hepatosomatic index = (100 x liver weight)/fish weight Table S1 . PCR-array layout of 87 genes with extra-wells for housekeeping genes and general controls of PCR performance .   1  2  3  4  5  6  7  8  9  10  11  12  A   GHR-I  IGFALS  MSTN  PAX7  CTSD  UBE2A  Hsp30  IL-1β  IL-10  SIRT4  SCO1  PPC1   B   GHR-II  INSR  MEF2A  SOX3  CTSL  UBE2D2  mtHsp60  IL-1R1  IL-10RA  SIRT5  UCP1  PPC2   C   IGF-I  IGFR1  MEF2C  MET  CTSS  UBE2L3  mtHsp70  IL-1R2  IL-10RB  PGC1α  UCP2  PPC3   D   IGF-II  IGFR2  FST  CAPN1  PSMD4  UBE2N  Hsp90α  IL- Table S4 . Relative gene expression of growth-related genes in the liver of gilthead sea bream sampled in August 2013 (week 13). Data are the mean ± SEM of 6-7 fish. All data are referenced to the expression level of IGFR2 of control fish (D1 diet) with an arbitrarily assigned value of 1. Different superscript letters in each row indicate significant differences among dietary treatments (SNK test, P<0.05). Table S5 . Relative gene expression of growth-related genes in the skeletal muscle of gilthead sea bream sampled in August 2013 (week 13). Data are the mean ± SEM of 6-7 fish. All data are referenced to the expression level of IGFR2 of control fish (D1 diet) with an arbitrarily assigned value of 1. Different superscript letters in each row indicate significant differences among dietary treatments (SNK test, P<0.05). 
